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DESTRUCTION NOTICE 

WHY — To prevent the enemy from using or salvaging this equip- 
ment for his benefit. 

WHEN — When ordered by your commander. 

HOW — 1. Smash — Use sledges, axes, hand-axes, pick-axes, hammers 
crowbars, heavy tools, etc. 

2. Cut — Use axes, hand-axes, machete, etc. 

3. Burn — Use gasoline, kerosene, oil, flame-throwers, incen- 

diary grenades, etc. 

4. Explosives — Use firearms, grenades, TNT, etc. 

5. Disposal — Bury in slit trenches, fox-holes, other holes. 

Throw in streams. Scatter. 

6. USE ANYTHING IMMEDIATELY AVAILABLE FOR 
DESTRUCTION OF THIS EQUIPMENT. 

WHAT — 1. Smash-— Engine cylinder head, manifolds, carburetor, 
cylinder blocks, crankcase, generator frame, control 
panel instruments, magneto, fuel filter, oil filter 
and air filter. 

2. Cut — Generator drive belts, remote fuel pipe, exhaust tube, 
power cable, remote control cable, and all other 
wires and cables in or on the unit. Cut armature 
and, field windings. 

3. Bend and/or Break — Gas tank, engine housing, control 

cabinet, tool box, mounting frame and control panel. 

4. Burn — All manuals, wire, oil and fuel. 

5. Bury or scatter — Any or all of the above pieces after 

breaking. 

DESTROY EVERYTHING 


SAFETY NOTICE 

This unit generates voltage which may cause severe and possibly 
fatal shocks. Always trip the main circuit breaker before attempting 
to change load connections. Disconnect the remote control and battery 
connection before working oii the unit. 

Provide proper ventilation when operating the unit in a confined 
space. Locate the exhaust, when operating the unit out of doors, so 
that the wind will carry exhaust gases away from personnel. Exhaust 
gases contain carbon monoxide which is odorless and deadly poison. 

Do not service with gasoline while the unit is in operation or in 
close proximity to an operating radio transmitter. Avoid spilling 
gasoline when filling the fuel tank. 
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Figure 1. — Power Unit PE-99-F Complete with Accessories 
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Para. 1-2 


SECTION I 
DESCRIPTION 


1. General. — «. Power Unit PE-99-F is a complete gasoline-engine 
driven electric generator with an integral control cabinet. A power 
cable, remote control cable and a tool and spare parts box are fur- 
nished with the unit. The unit generates iy 2 kw, 3 phase, 60 cycle, 
120 volt alternating current at 100% power factor. It will safely 
carry 25 percent overload for two hours and will carry 5 kw, 100% 
power factor on a single phase with no load on the other two phases. 

b . The unit is suppressed to effectively eliminate radiated and con- 
ducted radio interference within the range of 0.5 to 150 megacycles at 
a distance of 25 feet from the unit. 

c. The unit will start and operate continuously at all temperatures 
rangiing from —30° to +130° Fahrenheit, at any altitude up to 5,000 
feet above sea level and under all climatic conditions that may be en- 
countered within these ranges. 

<J. The engine, belt driven generator, and control cabinet are 
mounted , on a welded steel skid base. 

2. Components. — a. Engine (fig. 2 ). — The engine is a 4-cycle, 

air cooled, 4 cylinder, V type and has a 3 in. bore 3% in. stroke, 91.9 
cubic inches piston displacement and is equipped with a high-tension 
magneto and impulse coupling. It develops 20.5 brake horse power 
at 2,200 rpm and operates on commercial 80 octane leaded gasoline 
or gasoline to U. S. Army specification No. 2-103. It will operate on 
approximately 2 gallons of gasoline per hour at full load. The unit 
is equipped with a 9)4 gallon fuel tank, diaphram type fuel pump 
and a 3-way gasoline valve to which the 20 foot auxiliary fuel line 
may be attached for pumping fuel from a remote supply tank. A 
muffler and a 10 ft. flexible exhaust hose are provided to enable carry- 
ing the exhaust away from the unit. 
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FUEL TANK 


b. Electrical starting system . — (1) Power Unit PE 99-F is 
with both electrical and manual starting equipment. The 
motor is of conventional automotive type with Bendix dri\ 
mounted to the flywheel housing at the side of the crankca 
buttons, one marked START the other marked STOP are pri 
the control panel for starting and stopping the unit. An AUT( 
MANUAL STARTING switch is provided on the control pai 
when thrown to MANUAL enables starting the unit by mea 
hand crank mounted on the engine next to the air-cleaner. 


A Start-Stop switch attached to one end of the remo 
enables starting and stopping the unit from a remote 
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SECTION I 


c. Batteries . — Two 6-volt storage batteries are mounted on the skid 
base, one on each side of the engine. The batteries are furnished dry 
charged. Electrolyte is provided in separate containers packed in a 
wooden box. A battery charging generator and a battery charging 
regulator maintain the battery charge. 



Figure 3. — Generator and Exciter 


d . Generator . — The semi-enclosed drip-proof generator has a re- 
volving field and a direct connected exciter, and generates l l / 2 kw at 
1800 rpm. Generator voltage is regulated at the control panel either 
manually by a hand rheostat or automatically by a voltage regulator. 
The voltage regulator will provide 3 °/o plus or minus regulation. 

e. Control cabinet. — (1) A control panel, shock mounted to the up- 
per frame of the skid base, and enclosed in a removable steel housing, 
is accessible through two doors in the housing. Wiring diagrams and 
a lubrication diagram are mounted on the inside surface of the doors. 
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The following instruments and controls are mounted on the panel: 
1- AC Voltmeter 0-150 Volts 
1- Phase Selector Switch 
3- AC Ammeters, 0-50 Amperes 
1- Elapsed Time Meter 
1- Frequency Meter 
1- Battery Ammeter 30-0-30 amperes 
1- 3-Phase Main Circuit Breaker 
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SECTION I 

1- Duplex Convenience Receptacle 

1- Automatic Voltage Regulator 

1- Regulator Voltage Adjustment Rheostat 

1- Automatic-Manual Voltage Control Switch 

1- Exciter Field Rheostat 

3- Push Buttons, Start- Stop 

1- Remote Control Receptacle 

1- Automatic-Manual Starting Switch 

2- Panel Lights 

Located below the panel and mounted to the frame are the following: 

1- 3-Phase Power Receptacle 

1- Terminal Block with Power Studs 

1- Terminal Block with Remote Control Studs 



Figure 5. — Remote Control Assembly 


(2) Remote Control Assembly. — The remote control assembly serves 
as the bottom of the control cabinet. Four relays are mounted to a 
bottom pan and are wired to a terminal strip at which leads from the 
engine and control panel are connected. A cover pan encloses the 
relays. 

/. Skid Base . — A welded steel skid base supports all the other com- 
ponents of the engine-generator assembly. A generator platform which 
is separable from the main frame is hinged by a long bolt to one side 
of the skid base and may be raised and lowered at the other side by 
means of two bolts, facilitating adjustment and replacement of V-belts. 
Skids are made of standard steel angle and are rounded at the ends. 
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Cross members near each end are of 1}4” pipe into which lifting bars 
may be inserted for easy handling. Two frames are welded across the 
skids, one to support the engine, the other to support the control 
cabinet. 

g. Remote Control Cable. — (1) The 150-foot flexible, weatherproof, 
3-conductor, No. 18 Remote Control cable is terminated at one end by a 
3-pole twist-lock plug and at the other end by a weatherproof Start- 
Stop switch. Each of the 3 conductors has an identifying colored, 
cotton stranding. .One conductor has green, another has white, an- 
other has black. These colors indicate the proper connection of the 
cable to the remote control studs, should this be necessary. 

(2) A cable reel is furnished on which the cable should be mounted 
when not in use. 


h. Power Cable . — Two power plugs are attached to the 150 foot, 3- 
conductor, No. 6 power cable, one at each end. Each of these 3-phase 
plugs will fit into the receptacle located below the door of the control 
cabinet. This cable is also flexible, weather proof and color coded, and 
should be mounted on its reel when not in use. 

i. Tool and Spare Parts Box . — Mounted to the undersurface of the 
tool and spare parts box cover is a packing list as shown below. The 
tools are in the upper tray, gaskets in the lower tray, spare parts and 
20-foot gasoline iiose in the box beneath both trays. 

COMTEMTS Of TOOL BOI 

FOR PE 99 F POWER UNIT 


SPARK PARTS TOOLS an d MISCELLANEOUS 


QUAN. 

DESCRIPTION 

PART NO. 

QUAN. 

DESCRIPTION 
FeeUr Cage Sat 

4 

Brushes for Altamator 


1 

2 

Brushes for Exciter 


1 

6” 'Slip Pliers 

2 

Brushes lor Battary Generator 

CBW-2012-A-S 

1 set o!2 

V4" Tappet Wrenches 

2 

Brashas for Starting Motor 

MAK-12 

1 

Valve Utter 

2 

•rushas (ground) lor Starting Motor 

MAK-1034 

1 

Vahra Grinding Tool 

20 

Spark Plugs 

YD-47 

1 Can 

Vahra Grinding Compound 

4 

Exhaust Vahra Springs 

AF-49-A 

l 

8” Screw Driver 

4 

Vahras 

AE-75B 

1 

3’* Screw Driver 

4 

Vahra Spring Saats 

AG-26 

1 

8" Crescent Wrench 

4 pair 

Vahra Spring Saat Bushings 

AH-9 


Hammer, 11b. Machinists 

S 

Vahra Saat Intarts 

HG-201-B 

1 

Open End Wrench H"-7/16" 

3 

OH Filtar Cartridgas 

RV-27-S 

1 

Open End Wrench tt”-9/16” 

2 cats 

Engioa Caskats 

Q-10-A 

1 

Open End Wrench **’•%** 

2 MtS 

Carburetor Caskats 

382391 

1 

Open End Wrench V-15/16” 

2m«* 

Magnate Caskats 

CK-16 

1 

Open End Wrench 1 1/16** 

3 aata 

Cylinder Haad Caskats 

QD-6I3-B 

Allan Wrench lor PaBoys 

1 sat 

Magneto Broakar Points 

T-2437 

1 

Spark Plug Wrench 

1 sat 

Replacements lor Fuel Strainer 


Ibex 

Assorted Cottar Pins 

1 

Connecting Rod-Piston Assy, with rings 

1 spool 

Soft Iron Wire 

8 

Piston Rings - Compression 

DC-163 

2 shoots 

#00 Sandpaper 

4 

Pieton Rings - Scraper 

DC- 163-1 

1 bottle 

Casket Seal with Brush 

4 

Piston Rings - Oil 

DC-109 

2 

Technical Manuals 

1 sat 

V • Balts - Main Drive (5 to a sat) 

4713 

1 20’ Igth. 

Gasoline Hose with fittings 


V - Balt 

4714 

1 

* Oil Can 

2 

Knobs • lor Rheostat and Switch 

47*5 

1 

* Starting Crank 

2 

Capacitors -.1 MM. 

4760 


2 

1 

Capacitors - .01 MM. 
Fuel Pump Diaphram Kit . 

4779 


* Mounted on Power Unit 


Figure 6. — Contents of 

Tool Box 
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Par. 3-4-6 


3. Weights and Dimensions. — 


Component 

Length 

(inches) 

Width 

(inches) 

Height 

(inches) 

Weight 

(pounds) 

Battery, each 

ioy 2 

7 

9 

37.5 

Control Cabinet 

17 

22 

23 

79 

Engine Assembly 

36 >4 

22 J* 

32 

413 

(crankcase empty) 

A.C. Generator Assembly 

30 

15 

13 

218 

Power Cable & Reel 

20 

20 

14 

131 

Remote Control Cable & Reel 20 

20 

7 

27 

Skid Base Assembly 
Tools & Spare Parts Box 

60 

28 

36J4 

140 

Power Unit PE-99-F 

19 

16 

9 

54.5 

(crankcase filled, 

fuel tank empty) 

60 

28 

42 

1015 


SECTION II 

INSTALLATION and OPERATION 

0 

4. Initial Procedure. — Inspect the equipment for damage and for 
conformity with packing sheet. Should the equipment be incomplete 
or damaged, report this fact immediately. 

5. Installation.- a. Choose a. general location that will be con- 
sistent with the assignment to be carried out and the length of the 
cables. The power unit will operate in almost any place outdoors or 
indoors. 

b If the power unit is to be located outdoors, select a dry and 
reasonably level spot preferably on grass or soft ground. Avoid low 
spots that a sudden rain storm may flood. Locate the unit so that the 
wind carries exhaust gases away from operating personnel. 

c. If the power unit is to be located indoors, proceed as follows: 

CAUTION 

THE EXHAUST GASES FROM THE ENGINE 
CONTAIN CARBON MONOXIDE, AN ODOR- 
LESS AND DEADLY POISONOUS GAS. 

(1) Adequate ventilation is necessary while engine operates in or- 
der to carry away fumes from exhaust leaks and to replenish the 
supply of oxygen. 
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(2) Locate the unit bo that the exhaust end is near to and facing an 
opening to the outdoors. The muffler should be attached to the exhaust 
hose and the unattached end of the exhaust hose should be attached 
to the engine exhaust. Make all connections gas tight. Locate the 
unit so that the exhaust hose is as free of bends as possible to prevent 
excessive back pressure and so that the length of hose indoors is as 
short as possible. 

d. At least 2 feet of space must be provided around all sides of the 
unit at all times. 

e. When fuel is to be taken from a remote supply tank connect 
the 20-foot flexible fuel line supplied with the unit to the 3-way valve 
below the fuel tank (see figure 11) and carry the other end to the re- 
mote fuel supply. The remote fuel supply should be so located that 
the total fuel lift by the fuel pump will not be more than 6 feet. 

6. Preparation for Use. — a. Inspect unit thoroughly to see that 
it is complete and in proper working order. Adjust all V-belts to pro- 
per tension. Give engine a few slow turns with hand crank to be sure 
all parts move freely. Check to see that all wiring connections are 
tight. If the unit has not been previously used, or has just been re- 
moved from storage, remove sealing paper from air cleaner, exhaust, 
oil filler pipe and both sides of magneto. 

5. BEFORE filling the fuel tank with gasoline make the following 
preparations: 



Figure 7. Checking Oil in Crankcase Figure 8. Adding Oil 

(1) Remove the oil gauge to see that the oil is up to the full mark. 
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SECTION II 

Replenish or if empty, fill with 4 
quarts of oil through the oil filler 
in accordance with instructions 
under paragraph 14. 

(2) Fill the air cleaner to the 
indicated level with same grade 
of oil as used in the crankcase. 

Check hose connecting air cleaner 
to carburetor. See that connec- 
tions are tight to prevent entrance 
of dust. 

(3) Originally the equipment is 
furnished with dry charged bat- 
teries and with electrolyte separ- 
ately packaged. If the batteries 
have not been previously used, re- 
move the stoppers from holes in 
the filler plugs, remove the filler 
plugs and fill all cells with battery 
grade electrolyte to a level of 
above the separators. Use 1.285 (32° 

Baume) specific gravity [for tropical countries 1.225 (20.0° Baume) 
specific gravity]. 

(4) After filling, allow battery to, stand until the temperature 
of the electrolyte has dropped to 90° F. (32° C.) or lower [for tropics 
110° F. (43.3° C.) or lower] before using. In emergencies, dry 
charged batteries may be put into service immediately but under no 
condition should a period of more than 12 hours elapse before giving 
them a freshening charge. Batteries should be charged at approx- 
imately a 7 ampere charging rate and should be kept on charge until 
the gravity reading of each cell is 1.285 (or 1.225 in tropics) or until 
there is no further rise in gravity readings during a 3 hour charging 
period. While charging, the temperature of the electrolyte should not 
be permitted to rise above 110°F (43.3°C) [125°F (51.6°C) in tropical 
countries]. Should the temperature rise above the maximum, reduce 
the charging rate or stop charging until the solution has cooled. 

(5) If the batteries havie been previously used, check the specific grav- 
ity of the electrolyte with a hydrometer. A hydrometer reading of not 
less than 1.225 (1.175 in tropics) should be obtained. Add distilled 
water so that the level of the electrolyte within the cells is above 
the tops of the separators. 



Figure 9. Putting Oil in Air Cleaner 
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Left Side Right Side 

Figure 10. — Battery Connections 

(6) Be sure battery connections are clean and tight. The minus ( — ) 
post of the battery connects by ground strap to frame of skid base. 
The plus ( + ) post connects by cable to lower terminal of solenoid 
start switch. Connect the batteries by means of the connecting cable. 
Replace battery covers and tighten wing nuts to securely fasten bat- 
tery covers and battery clamps. 

(7) Fill the fuel tank with 9£* gallons of clean gasoline. Blow 
through the vent hole in the filler cap to make sure it is clear. Set 
the pointer of the 3-way gasoline valve so it points toward the fuel 
strainer. 

( 8 ) If a remote fuel supply is to be used connect the flexible fuel lin® 
from the remote tank to the 3- way gasoline valve and set the pointer 
of the 3- way gasoline valve to point down. Make sure shut-off valve 
on the gasoline strainer is open. Check all fuel lines for any possible 
leaks. 

(9) Assemble electric plugs of cables or equipment to be used to 
proper receptacles in control cabinet and make any other necessary 
load connection. Press circuit breaker to RESET position and release. 

(10) All ventilating openings in generator, exciter and engine fly 
wheel screen must be kept free from leaves, grass or other debris, to 
insure proper ventilation and prevent overheating of the components. 
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FUEL TANK 


.1 MFD. CAPACITOR 

SHUT-OFF VALVE 


VALVE 

POINTER 


BATTERY CHARGING 
GENERATOR 

GENERATOR BELT 
ADJUSTMENT BRACKET 


GASOLINE 

VALVE 


AUXILIARY FUEL 
LINE CONNECT ION 


NE STRAINER 


j 


i 


Figure 11. — Engine, Showing Fuel Line 


7. Operation.— a. Caution . — Refer to paragraphs 5 and G, check to 
see that unit is ready for operation. 

ft. To Start the Engine.— (1) Check AUTOMATIC - MANUAL 
STARTING switch and AUTOMATIC-MANUAL VOLTAGE CON- 
TROL switch and see that both switches are thrown to the left hand, 
(AUTOMATIC) position 

(2) Press START button or operate the remote control switch to 
the ON position. The engine will normally start within a few seconds. 
If the engine does not start within about 30 seconds refer to the 
trouble chart (par. 51a.) and check for possible cause. 

(3) Check battery charging ammeter to make sure that battery 
charging equipment is functioning properly. The needle of this meter 
will swing to the right to indicate the rate of charge and to the left to 
indicate discharge. Normally there should be no discharge indicated 
while the unit is in operation or standing idle, except during electric 
starting. 
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(4) Permit the unit to operate without load for about 15 minutes 
except in cases of extreme emergency. The voltmeter (fig. 4) will 
indicate the voltage on the phase at which the phase selector switch 
is set. Set REGULATOR VOLTAGE ADJUSTMENT so that volt- 
meter reads 120 volts. 


(5) Before applying any load, check the frequency meter, between 
panel lights, and make sure that the frequency is between GO and G2 
cycles. If frequency is less than 60 cycles, check the engine speed and 
check the drive belts for possible slippage. 


(6) If the load connections have not been previously made, stop the 
unit by pressing the STOP button and make them. CAUTION - Do 

not make or change load connections without opening the circuit breaker. 

* 

(7) Restart the unit and close the circuit breaker. Should the cir- 
cuit breaker TRIP it is an indication of an overload and the load must 
be checked before the circuit breaker is again closed. 


d. Starting with Dead Battery . — 
When necessary to start the engine 
with a dead battery, remove the 
starting crank, and insert it in the 
hole in the center of the air shroud. 
Push the crank in until it contacts 
the end of the crankshaft and rotate 
it clock-wise until it engages the 
starting pin. Pull out tne manual 
choke button located on the flywheel 
end of the unit. Next, set the AUTO- 
MATIC - MANUAL STARTING 
switch, at MANUAL. Crank the en- 
gine by pulling up quickly on the 
starting crank. Never attempt to 
push down on the crank as serious 
injury may result if the engine 



c. To Prime the Engine . — If the motor fails to start, the carbur- 
etor may be incorrectly adjusted or dirty, the fuel line dirty or clogged, 
or the gasoline tank empty. To determine the cause, check the fuel 
supply. Prime the motor by removing spark plugs and pouring a 
small quantity of gasoline into the cylinders. Replace the spark plugs 
and crank the motor. If it fires for three or four revolutions and 
stops, the difficulty is definitely in the fuel system. If motor will not 
fire at all, checic the ignition system, and refer to the trouble chart for 
possible cause. 


Figure 12. — Cranking By Hand 
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should backfire. When the unit starts press the START button and 
throw the AUTOMATIC - MANUAL STARTING switch, to AUTO- 
MATIC. Push the manual choke button in gradually as the engine 
warms up. To stop the unit, when operating with a dead battery, 
press the STOP button or operate the remote control switch to OFF. 
If this does not stop the unit, press and hold the EMERGENCY STOP 
button. Always be sure to press STOP button when leaving the unit 
inoperative . Switch should be set at AUTOMATIC when the electric 
starter is being used. 

8. Voltage Regulator. — a. Voltage is automatically regulated by 
the automatic voltage regulator mounted on the back of the control 
panel and adjusted by the REGULATOR VOLTAGE ADJUSTMENT 
knob. Voltage may be adjusted by means of this knob while the unit is 
in operation. The automatic voltage regulator may be disconnected 
by throwing the AUTOMATIC-MANUAL VOLTAGE CONTROL 
switch to MANUAL. This automatically transfers the voltage regu- 
lation to the field rheostat which is adjusted by means of the knob at 
the lower left of the panel. 

b. The AUTOMATIC-MANUAL VOLTAGE CONTROL switch is 
used to place the automatic voltage regulator either in or out of the 
circuit. With this switch in the MANUAL position, the generator 
voltage may be manually regulated by means of the field rheostat. 
When this switch is in the AUTOMATIC position, voltage regulator 
resistance is in the field circuit and automatic regulation will take 
place. Line voltage may be adjusted by means of the REGULATOR 
VOLTAGE ADJUSTMENT which adjusts the automatic voltage reg- 
ulator rheostat. It is not necessary to change the regulator adjustment 
when the unit is shut down as the regulator will function normally 
as soon as the unit is again started. 

c. When the unit is first started, set the REGULATOR VOLTAGE 
ADJUSTMENT in the maximum resistance position with knob point- 
ing to the left (extreme counter clockwise rotation) and gradually 
reduce the resistance until the a-c voltmeter reads between 100 and 
140 volts. Automatic voltage regulation should begin between 100 
and 140 volts and failure of the automatic regulator to function at this 
voltage is an indication of faulty wiring and the connections should be 
checked. 

SECTION III 

FUNCTIONING OF PARTS 

References. 

The functioning of internal combustion engines, carburetion and 
ingition systems is completely covered in the following technical 
manuals: TM 10-570 The Internal Combustion. Engine; TM 10-550 
Fuels and Carburetion ; and TM 10-580 Automotive Electricity. 
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9. Automatic Choke. — a . Description . — (1) The Automatic Choke 
Control is a unit operating independently of the carburetQr unit. While 
the function of the choke control unit is to furnish the proper amount 
of choke valve opening during the cranking and warming up period of 
the engine, its operation depends entirely upon manifold vacuum and 
heat on the Thermostat Spring. 

(2) The vacuum piston, link and lever assembly, opens the choke 

valve when the engine begins to fire. This is accomplished by means 

of a rod hook-up from a lever on the automatic choke control unit to a 

choke lever attached to the choke valve stem of the carburetor unit. 

% 
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Figure 13. — Automatic Choke 

5. Functioning. — (1) When the engine is stopped and allowed to 
stand, the heating coil in the thermostat assembly cools, since its 
source of heat, derived from the charging generator, is no longer 
present. 

(2) As the heating coil cools, the thermostat spring also cools and 
gradually rotates the choke lever, closing the choke valve in the car- 
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buretor. The automatic choke control and choke valve remain in this 
position while the engine is not in operation and during the cranking 
period. 

(3) The thermostat assembly is directly connected, at the hot wire 
i post, by a wire to the charging circuit of the engine. When the engine 
starts, the thermostat heating coil is heated by the passage of current 
through it derived from the charging generator. 

(4) When the engine is started, a vacuum is created in the manifold. 
The automatic choke unit, connected by means of a tube from the vac- 
uum line union to the intake manifold, is now subjected to the mani- 
fold vacuum which; actuates the vacuum piston, link and lever as- 
sembly. As the heating coil heats up, the thermostat spring tends to 
heat and lose its tension. This enables the vacuum piston, through its 
link and lever assembly, to pull in a direction opposite to the spring 
tension and actuate the choke lever so as to open the choke and permit 
normal operation of the engine. 

10. Impulse Coupling.— The impulse coupling facilitates starting 
the engine and at the same time automatically retards the ignition 
spark while starting. Through this device, the rotor of the magneto 
is held back while the engine is turned over to its firing position, at 
which instant the pawls of the coupling release and the rotor is 
snapped forward at high speed, thereby producing an intense spark, 
automatically retarded to prevent backfiring. Since the ignition spark 
must occur each 90° of its rotation, two stop pins are required to 
engage the coupling pawls at proper intervals. To provide positive 
pawl action over the cranking speed range, individual torsion-type 
pawl springs have l>een provided, with the result that a certain amount 
of impulse action may be expected up to 500 rpm. 

11. Automatic Voltage Regulator. — a. General . — (1 ) The voltage regu- 
lator is an instrument which performs the function of an automatic 
Held rheostat to provide a simple, effective and automatic means for 
obtaining almost constant voltage for all normal load conditions. 

(2) The regulator consists mainly of solenoid, a commutator, and 
two resistor plaques. 

(3) The solenoid coil is connected to the a.c. generator and is af- 
fected by voltage changes. These changes actuate the solenoid plunger, 
and the crossarm which moves the carbon contact across the silver 
commutator, thereby adjusting the resistance of the placquos to a 
which maintains the generator voltage. 
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(4) The regulator has two electrical circuits; the one consisting of the 
solenoid coil, the voltage dropping resistor and the external control 
rheostat ; the other consisting of the voltage regulating resistor, which 

' is actually the exciter field rheostat. 

(5) Both the voltage dropping resistor, which limits the impressed 
voltage on the solenoid coil, and the regulator resistance, which adjusts 
the exciter field current, are embedded in and equally divided between 
the two plaques. The external control rheostat is not located in the 
regulator but is mounted separately on the switch board panel. 

(G) The commutator consists of a stack of insulated silver segments, 
each segment connected to a tap on the regulator resistor. The com- 
mutator is of a “V” shape and the carbon contact roller rests on the 
commutator at two points, thereby short-circuiting all of the resistance 
included between these two points. By moving the contact roller 
transversely across the commutator, the distance between these two 
points of contact is changed and thus the effective resistance of the 
voltage regulating resistor is adjusted. 

(7) The solenoid is of the a.c. quick acting type and allows the regu- 
lator momentarily to over-correct and then find a new steady-state 
position. The contact roller is not in constant motion, moving only 
when regulating action is demanded. 

1 Contact Roller Assembly 

2 Silver Commutator 

3 Solenoid Spring 

4 Contact Pressure 8pring 

5 Adjustable Spring Holder 

6 Regulator Crossarm Plunger Assembly 

7 Solenoid Coil 

8 Solenoid Magnetic Structure 

9 Adjustable Magnetic Core 

10 Locknut 

11 Solenoid Stop 

12 Left Resistor Plaque 

13 Right Resistor Plaque 

14 Regulator Base 

15 Solenoid Spring Adjusting Nut 

16 Lock Spring 

17 Cover 

Figure 14. — Automatic Voltage Regulator, details 

b. Theory of operation . — (1) Reference to wiring diagrams, (figs. 14a 
and 34) will assist in understanding the operation of the regulator. 

(2) Since the solenoid is energized from the a.c. generator, any change 
in a.c. voltage will cause motion of the solenoid plunger. The resulting 
motion of the arm and contact roller changes the resistance in the 
exciter-shunt field circuit so as to restore the a.c. voltage to its 
original value. 

16 
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(3) Assume that the load on the generator increases. The regulating 
cycle then is: 

(a) - The a.c. voltage decreases. 

(b) - The current in the solenoid coil like wise decreases, caus- 

ing the plunger and the contact roller to move, short- 
circuiting segments of the comutator. 

(c) - As the number of segments short-circuited increases, the 

resistance of the exciter-shunt field circuit decreases. 

(d) - The exciter-shunt field current, therefore, increases re- 

sulting in an increased exciter-armature voltage and gen- 
erator field current, restoring the a.c. voltage. 

12. Remote Control (fig. 35). — a. Pressing the START switch oper* 
ates relay RA, closes contacts RA 1 and RA 2 and opens RA 3. RA 1 
operates relay RB, closing RB4, locking relay RB and opening RB 5. 

When contacts RA 3 and RB 5 are open, the magneto is ungrounded. 

RA 2 feeds current from the battery through RC 6 which operates the 
solenoid starting switch. This switch closes the starting motor circuit 
supplying current to the starting motor which cranks the engine. 

When the engine starts, current from the charging generator operates 
relay RC which opens RC 6. This prevents operation of the starter while 
the unit is running. 

Releasing the START button when the engine starts, releases relay 
RA. Contacts RA 1 and RA 2 return to open position and RA 3 returns 
to closed position. When the unit is running, pressure in the lubricating 
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system opens the oil pressure safety switch which is in series with 
RA 3. Therefore closing RA 3 does not ground the magneto. 

b. Oil Pressure Protection. — Failure of the oil pressure causes the 
oil pressure safety switch to close, grounding the magneto and stop- 
ping the unit. In this case relay RB will remain locked until the 
STOP button is pushed to release it. 

c. Stopping. — Pressing the STOP button operates relay RD and 
opens RD 7, breaking the circuit that locks RB and thus releasing it. 
RB 5 returns to close position which grounds the magneto. 

SECTION IV 
MAINTENANCE 

13. General.— a. Keep the unit clean and free from sand dust. 
Dirt or sand in any part of the unit will cause trouble and often 
serious damage. Keep the cooling fan intake free from obstructions 
and the cooling fins and air passages free from dirt and grease. 

b. In reassembling any part or parts of the unit be sure to re- 
place all star washers, bonding, shielding and capacitors to insure 
radio noise suppression. 

14. Lubrication.— a. General Instructions (1) High grade, highly 
refined oils corresponding in body to the SAE (Society of Automotive 
Engineers) Viscosity. Numbers listed below will prove economical 
and assure long engine life: Summer - Above 32° F - SAE 30 (inter- 
mittent full load or sustained partial load.) 

Winter (32® F. to 0° F.) SAE No. 10 

Below - 0° F. dilute SAE 10 with one percent gasoline for each 
degree of temperature below 0. Dilution must never exceed 40 per cent. 
NOTE : Follow summer recommendation in winter if engine is housed 
in a building where average temperature is over 50° F. 

(2) A motor which is run without oil will be ruined within a few 
minutes. Always fill the oil reservoir to the full mark on the oil level 
gauge after each 25 hours off motor operation. Capacity of oil re- 
servoir is 4 quarts. See figures 7 and 8. 

b. Change Oil Frequently.— { THE OIL SHOULD BE DRAINED 
AND FRESH OIL ADDED AFTER EVERY 300 HOURS OF OPER- 
ATION. Open the crankcase drain, located underneath the engine, 
and let the oil flow into a pan or other receptacle. This should be 
done while the engine is warm. Close the crankcase drain, refill with 
fresh oil and replace the breather cap. Note the condition of the 
drained oil and change the oil filter element when the oil becomes 
discolored. 
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15. . FueL — a. A good grade of fresh clean gasoline is recommended. 
Be sure that the small vent hole in the gasoline tank cap is not clog- 
ged up; air must enter the tank to allow the gasoline to flow to the 
carburetor. Test by blowing through the vent hole in the top of cap. 
Fuel pump line connections must be tight to prevent air-lock in the 
line. 


6. Avoid Gummy Gasoline . — TO AVOID TROUBLE FROM GUM 
FORMATION, KEEP THE TANK FULL WHEN NOT USING THE 
MOTOR. If used only occasionally, drain tank completely and refill 
when motor is used again. 

c. Storage . — Drain gasoline from tank and fuel filter bowl. Drain 
carburetor by removing plug, at bottom of bowl. Remove spark plugs 
and pour small quantity of oil into each cylinder through spark plug 
holes. Crank motor slowly by hand to spread oil. Replace spark plugs. 
Seal openings at oil filler pipe, exhaust, air cleaner and both sides of 
magneto. 

d. To Clean The Fuel Lip.es .— Disconnect the gasoline line at the 

carburetor and also at the gas filter and fuel gpump. Blow through 
the gas line to clear it. To clean the gas filter, first close the shut-off 
valve and loosen thumb screw. Remove and clean glass bowl, gasket 
and screen . Reassemble the gasoline filter using a new gasket if any 
leakage is noticed. Open shut-off valve too see if gasoline flows freely 
from the tank. IMPORTANT: If you find a gummy varnish-like 

substance, alcohol or acetone will dissolve it. 

16. Carburetor. — <i. Description. — The carburetor is of conventional 
float feed type. The float chamber is built concentric to the main 
discharge jet, and thus practically surrounds the main metering 
system with fuel. This permits a supply of gasoline to be present at 
the main discharge jet even though the motor is set at an angle. The 
float used is so constructed that two halves of the float operate on 
either side of the float chamber, and are connected by means of one 
and the same lever to the float needle valve. The float mechanism is 
of the hinge type which assures positive shut-off under all conditions 
The carburetor is entirely sealed and all air for venting and bleeders 
is taken through the air horn. 

6. Adjustments. — The engine is governor controlled. The mixture 
for normal speeds is controlled by a fixed metering jet and no adjust- 
ments are necessary. 

( L ) Fuel level — The gasbline level in the float chamber is properly 
preadjusted and should not be readjusted unless carburetor has been 
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handled roughly or level 'has been change from other causes. The 
level is set at 15/32 in. to 17/32 in. below the top of the main body. If 
it is necessary to reset level, it can be done by holding throttle body 
in inverted position and setting the floats to measure 154 in. from the 
top of each float to the gasket surface of the throttle body, which will 
give the approximate fuel level. 

(2) Float Needle Valve and Seat The float needle valve must seat 
needle- valve will cause leakage and too high a fuel' level will result . A 
high fuel level will cause flooding of the carburetor and too rich a 
mixture. This condition will cause hard starting especially if the 
engine is warm from previous running. To clean or replace the float 
needle valve and seat, the float fulcrum pin (fig. 16) should be 
withdrawn, allowing the float to be removed. This will expose the 
float needle valve and seat. 

c. Cleaning Carburetor. — (1) If any of the various passages or jets in 
the carburetor become clogged, it may be necessary to take the car- 
buretor apart for cleaning. This should not be done unless absolutely 
necessary. First remove the upper half of the carburetor from the 
lower half, or main body, by removing the four small screws holding 
these parts together. The main high-speed jet should then be removed. 
The main discharge jet and the metering jet can then be removed with 
a screw driver. The high-speed bleeder may likewise be removed. 

(2) The idler tube can be removed with a pair of pliers. The idler 
needle valve can be removed by hand. The small plug directly over the 
idler needle* valve, should be removed with a screw driver, which will 
expose the idler discharge holes. After all of these jets and passages 
have been cleaned, the parts should be reassembled, care being exercised 
that all gaskets are replaced and if necessary new gaskets used. Unless 
personel doing this work are thoroughly familiar with carburetor con- 
struction, it is advisable to replace the various jets as they are re- 
moved and cleaned. This will prevent mistakes in reassembly. 

17. Fuel Pump. — Fuel pump repairs are divided into two classifica- 
tions: Repairs which can be made without disturbing the pump in- 
stallation and repairs which necessitate removal and dis assembly of 
the pump. 

a. Repairs made without disturbing pump installation: 

(1) Lack of Fuel at the Carburetor. 

Check as follows: 
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Cause 

Gasoline tank empty 
Leaky tubing or connections 
Bent or kinked tubing 
Dirty screen 

Loose cover plate cap screw. 

Defective Diaphragm. 

(2) Fuel leakage at edge of diaphragm 


Remedy 

Refill 

Replace tubing & tighten all 
pipe connections at the fuel 
pump and gasoline tank. 
Replace tubing. 

Clean the screen. Make cer- 
tain that cork gasket, S, is 
properly seated when reas- 
sembling. 

Tighten cover plate cap 
screw, Q, securely, replacing 
cover plate cap screw gasket, 
R, if necessary. 

Replace diaphragm or fuel 
pump. 


Loose cover screws. Tighten cover screw, G, alt- 

ernately and securely, also 
check inlet and outlet con- 
nections. 


Broken or defective gasket. 


Replace gasket. 


NOTE: Check if leak occurs at pipe fittings thus allowing fuel to run 
down pump to flange and appear to originate there. Do not use shellac 
or any other adhesive on diaphragm. 
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b. Repairs which necessitate removal and dis assembly of the pump: 

( 1 ) Fuel Pump Trouble Chart 
Trouble Evidenced by Remedy 

Broken rocker arm. Visible Replace rocker arm, A. 

Broken rocker arm spring Visible Replace rocker arm 

spring. M. 

Defective or worn links Pump does not sup- Replace links, C. 

ply sufficient fuel. 

Broken diaphragm return Does not supply to Replace spring, E. 
spring carburetor. 

Punctured or worn out fu6l Fuel leaking through Replace diaphragm 
pump diaphragm hole in body. assembly, D. 

Important: Mark the cover T and body O with a file before 

dis assembly so that in re assembling they are placed back in the same 
relative position. 

c. Procedure in Assembling. — Body, rocker arm and link Assem. 
bly. — Assemble link, C, rocker arih, A, and rocker arm spring, M, in 
body O. Insert rocker arm pin, B, through hole in body, engaging link 
and rocker arm. Use a punch and “stake” die cast metal of body over 
end of pin in one place on each end, to retain in place. 

Note: It has been found that the assembly of the rocker arm pin can 

be simplified by first assembling a piece of .240” drill rod through the 
rocker arm pin hole in one side of the body far enough to engage the 
rocker arm and link, then insert rocker arm from the opposite side, 
pushing out the drill rod until the pin is in proper position. If after 
assembling the rocker arm pin it is found that the rocker arm or link 
does not work freely, this can be corrected by placing a punch against 
the opposite end of the rocker arm pin, tapping it lightly with a small 
hammer in reverse direction from which it was assembled. 

d. Diaphragm and Pull Rod Assembly. — (1) The Diaphragm is an 
assembly including protector washers and pull rod and is serviced 
as a unit. 

(2) To correctly assemble diaphragm in pump body, proceed as 
follows: 

(a) Place diaphragm spring, E, in position in pump body, O. 

(b) Place diaphragm assembly, D, over spring, centering upper 
end of spring in lower protector washer. 

(c) Press downward on the diaphragm and hook the slot in the 
diaphragm pull rod over the hooked end of the link. 

e. Valve and Cover Assembly . — 

(1) Place outlet valve spring retainer, U, in pump cover, T, taking 
care not to bend or distort legs of retainer. 
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(2) Place valve plate gasket, K, in position. 

(3) Place outlet valve spring, V, in position in spring retainer. 

(4) Place outlet valve, J, on spring. 

(5) Place inlet valve, J, on valve seat. 

(G) Place valve spring, V, on center of inlet valve. 

(7) Assemble inlet valve retainer, U, in valve plate, X, taking care 
that shoulder of retainer fits down flush in depression in plate. 

(8) Place valve plate, X, in position and secure with 3 screws, W. 
Inlet valve spring, V, must be centered properly in spring 
seat in valve plate and outlet valve must be seated properly 
against valve seat in valve plate. 

(9) Place strainer screen, I, in position on top of cover, making 
certain that it fits snugly around the gasoline inlet and edges 
of cover. 

(10) Assemble cork gasket, S, in cover plate and install cover plate 
on top of cover assembly. Make certain that gasket seats 
properly and strainer screen is not wrinkled or distorted. 

(11) Place fibre washer, R, on cover plate cap screw, Q, then insert 
and tighten screw securely. 

/. Cover Assembly . — 

(1) Push upward on rocker arm, A, until diaphragm, D, is level 
with the body flange. 

(2) Place cover assembly in proper position designated by mark 
on flanges made before dis assembling the pump. 

(3) Install cover screws, G, and lockwashers, H, tightening only 
until they barely engage lockwashers. 

(4) Release rocker arm which will place the diaphragm in its high- 
est position, then- - 

(5) Tighten cover screws alternately and securelv. 

18. The Automatic Choke.-— a. The Automatic Choke thermostat 
assembly is preadjusted and under ordinary circumstances it will 
give many months of satisfactory service. The heating elements have 
been engineered to furnish the proper amount of heat to provide the 
proper amount of thermostat tension for choking and, likewise, not 
produce too much heat so as to cause the choke valve to open too fast. 
Should it become necessary to replace the thermostat unit, the whole 
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Figure 18. — Adjustment of Automatic Choke 


assembly should be renewed since thermostat spring is included in 
thermostat assembly as a single unit and replacement of the therm- 
ostat spring alone is not recomended. 

b. Thermostat Setting . — When replacing the thermostat unit the 
loop of the thermostat spring must be placed over the pin of the 
vacuum piston, link and lever assembly. (THIS OPERATION IS 
VERY IMPORTANT, SINCE IT IS NECESSARY THAT THE LOOP 
OF THE THERMOSTAT BE INSTALLED PROPERLY IN RE- 
LATION TO THE PIN OF THE VACUUM PISTON LINK AND 
LEVER TO OBTAIN THE CORRECT AUTOMATIC CHOKE PER- 
FORMANCE.) After the thermostat assembly has been assembled to 
the automatic choke housing, the thermostat cover should be rotated 
in the right direction or counter-clockwise until the marking ( # ) co- 
incides with the projection at the top of the thermostat housing. 

c. Disassembly* 

(1) Disconnect the vacuum line from the automatic choke. 

(2) Remove thermostat cover screws and “lug” washers. 
Thermostat cover assembly can then be taken off the 
choke housing. 

(3) Loosen locknut and remove lock washer. 
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(4) Remove vacuum piston assembly from housing. 

(5) With a clean rag saturated with acetone or alcohol, thor- 
oughly clean the cylinder walls, removing any foreign mat- 
erial which may have accumulated. Blow out all of the 
channels with compressed air. 

d, Reassembly , — 

(1) Place vacuum piston in cylinder with slot on piston assem- 
bly down. THIS IS IMPORTANT. DO NOT USE ANY 
TYPE OF LUBRICANT ON PISTON OR IN CYLINDER. 
Place lever on choke stem and put on the lockwasher and 
locknut, fasten the nut securely. 

(2) Adjust as instructed in subparagraph b. 

19. Governor. — a. The motor speed is automatically maintained 
at about 2,200 rpm under varying loads by a centrifugal governor, op- 
erated from the cam gear. This centrifugal flyball governor, which 
is bolted to the timing gear case, automatically controls the engine 
speed varying the throttle opening through suitable linkage to suit 
the load. 

5. The linkage between the governor and the carburaetor must be 
properly connected. The governor level has just sufficient travel to 
give full movement to the carburetor throttle lever from open to closed 
position. When engine is stopped, the governor level position corre- 
sponds to wide open throttle position. 

c. The governor was carefully preadjusted to maintain normal 
speed under load. Do not re adjust unless absolutely necessary. It 
can be changed by reducing or increasing the tension of the governor 
spring. Turn inner governor spring rod adjustment nut to the right 
or clockwise to increase engine speed and voltage ; to left or counter 
clockwise to reduce engine speed and voltage. 

d, Be sure to tighten outer nut after making adjustment. 

20. The Ignition System. — a. Application . — The magneto is des- 
igned and built for use with these engines, which have a firing interval 
of 180° cylinder 1 to 8, -270° cylinder 3 to 4, -180° cylinder 4 to 2, -90° 
2 to 1. To provide this timing, the magneto has a four-pole magnetic 
rotor with a four-lobe cam. Four sparks are produced per revolution 
of the rotor, which runs at crank-shaft speed. In a complete cycle (two 
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revolutions), four sparks are used for ignition and four occur on the 
exhaust stroke. The magneto has a standard SAE flange mounting, 
but a special coupling and gear drive arrangement which requires an 
extended rotor shaft. 

b. Service Procedure . — Do not dismantle the magneto unless it has 
been positively ascertained that the ignition spark produced is unsatis- 
factory. This condition may he determined through ignition spark 
tests which arq easily made on the field. See sub-paragraphs c and d. 


c. Testing the Ignition Spark.— 

To check if a satisfactory spark is 
being delivered by the magneto, re- 
move the ignition cable from the 
plug. Hold ignition cable terminal 
about from any metal part of the 
cylinder head (keep hand on insul- 
ated part of the cable to avoid a 
shock). Turn motor with starter and 
if the spark jumps this gap, the en 
tire ignition system with the excep- 
tion of the spark plug is o.k. Check 
spark plug and replace if necessary. 

If no spark occurs, check cable, and 
refer to magneto adjustments. Ig- 
nition tests made while any part of 
the system is wet are useless. Figure 19.— Testing Ignition Spark 

d . Testing the Magneto . — Pull the ignition cables out of the mag- 
neto end cap sockets and insert a short, stiff wire in one of the sockets. 
Bend this wire to within *4” of the engine block. Turn the engine over 
slowly and watch carefully for the spark discharge which should occur 
at the instant the impulse coupling releases. The test should then be 
repeated for each of the remaining terminals. It is highly recom- 
mended that, when a strong spark is observed, no dismantling of the 
magneto takes place and that cables, terminals and spark plugs be 
thoroughly inspected. If no spark is observed the AUTOMATIC- 
MANUAL STARTING switch should be first carefully examined to be 
certain it has not become accidently closed (the magneto shorted). 

e. Distributor Cover Removal . — In removing the distributor hous- 
ing cover, care must be taken not to damage the gasket attached to the 
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cover side of the joint. The distributor compartment should be thor- 
oughly cleaned and the air inlet and outlet passages cleared. Examine 
the high tension lead brush and replace, if noticably worn or damaged. 
This brush should move freely in its holder and should have a slight 
spring pressure. 

COIL 

DETERMINE THE 
BREAKER POINT 
GAP WHEN OPEN 
ADJUST TO .012 
INCH 

CONDENSER 

LOCKING SCREW 

ADJUSTING SCREW 

4 LOBE CAM 

BREAKER ARM 

(TERMINAL SCREW 
(CW ROTATION 
SHOWN) 

Figure 20. — Magneto Point Adjustment 



/. Service of Breaker Contact Points — Contact point adjustment 
necessitates removal of the distributor housing which has a sealed 
gasket joint with the metal housing. The contact points should be 
examined for evidence of pitting or pyramiding. A small tungsten file 
or fine stone may be used to resurface the points. If the points are 
worn or badly pitted, they should be replaced. Points should be ad- 
justed to have a .012 inch gap at full separation. Adjustment is 
made by loosening the round-head locking screw at the upper end of 
the stationary point bracket (figure 20) then turning the eccentric 
head adjusting screw until the proper gap is obtained, and locking the 
assembly by tightening the round head screw. 


g. Precautions . — Do- not oil or grease the bearings or cam of the 
magneto as the design eliminates the necessity of field lubrication. 
The cam felt wick should be replaced by a new impregnated wick if 
dry or hard. Coil and condenser replacements, while simple, are not. 
recommended unless test equipment is available. Under no circum- 
stance should any attempt be made to remove the magnetic rotor from 
the housing as it is locked in a special drive and thrust bearing and 
specific instructions must be carefully followed in releasing the shaft. 
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When replacing the distributor housing a new gasket should be prov- 
ided, the joint cleaned thoroughly and the new seal coated with sealing 
varnish. 

h. Radio Shielded Units , — On this unit the plastic distributor cap 
and cover are replaced by an all metal housing in which an insulated 
distributor block is mounted. Special outlets are provided for the 
high tension leads so that connection can be made to the shielded 
cables. The primary ground terminal is located on the lower side of 
the end cap and is arranged for connection with a shielded cable. The 
primary ground terminal is located on the lower side of the end cap 
and is arranged for connection with a shielded ground cable. 

t. Special Drive Gear . — The magneto is equipped with special drive 
gears, mounted directly on the impulse coupling. The gear is a slip fit 
on the extended coupling nut, since movement of the gear with respect 
to the coupling nut (and rotor shaft) occurs during the impulse period. 
If it is necessary at any time to remove the drive gear, special care 
must be exercised in reassembly. First, remove the entire end cap and 
turn the rotor until the contact segment is in firing position for No. 1 
cylinder (fig. 21). With the rotor in this position, fit the gear to 
the coupling lugs so that the prick punch mark on the rim of the gear 
is in the position shown (fig. 21). 


DISTRIBUTOR’ CONTACT FIRING POSITION FOR NO.I CYLINDER 



Figure 21. — Drive Gear Marking and Assembly 
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21. Firing Order.— a. The firing order of the cylinders is 1 — 3 — 4 — 2. 
Number 1 cylinder is the one nearest to the flywheel in the left bank 
of cylinders, when viewed from the flywheel end of the engine. Number 
3 cylinder is the other cylinder in the left bank. Number 2 cylinder 
is the one nearest to the flywheel in the right bank, of cylinders and 
Numl)er 4 is the other cylinder in the right bank. The cylinders are 
numbered 1 to 4 on the air shroud near the spark plugs. The flywheel 
end of the engine is designated the front end* and the power take-off 
end, the rear end of the engines. 

6. As these engines are of the V type, the interval betw een firing of 
cylinders is as follows: Crankshaft rotation between firing of the 

cylinders No. 1 and No. 3 is 180°; between No. 3 and No. 4 is 270°; 
betw een No. 4 and No. 2 is 180° and betw r een No. 2 and No. 1 is 90°. 

22. Magneto Timing.— If it is necessary to retime the magneto, the 
following instructions will be helpful: 

a. First, remove the screen over the flywheel air intake opening by 
taking out the six screws holding the screen in place. This will expose 
the mark on shroud for timing magneto. See timing diagram, figure 22. 

b. Next remove the spark plugs from the cylinders. Then turn en- 
gine over slowly with the starting crank until the compression in 
Number 1 cylinder blows the air out of the spark plug hole. 

c. The flywiieel is marked with the letters “DC” near one of the air 
circulating vanes. This vane is further identified by a mark cast on 
the end. (See figure 22). When the air blows out of No. 1 ! spark 
plug hole, continue turning the starting crank until the edge of the 
marked vane on the flywheel is on line with the top center. The key- 
way at take-off end of the crankshaft is also on top. 

d. The magneto should then be fitted to the engine so that the 
marked tooth on the magneto gear is visible through the opening in 
timing gear housing as shown on timing diagram (figure 22). The 
distributor cap on the magneto is numbered from 1 to 4. The leads 
from the magneto should be connected to spark plugs of like numbers, 
according to the engine fire number. 

23. Spark Plug Adjustment. — Spark plugs should be cleaned and 
points reset to .025 in. after each 50 hours of operation. The porcelain 
is to prevent the spark from jumping anywhere except at the gap, and 
if cracked or broken, it will prevent the plug firing. Water on the out- 
side of the spark plug may permit the high voltage current to leak 
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over the surface of the porcelain. Dirt or carbon on it will do the same 
thing. Clean the spark plug by washing off the carbon with gasoline 
or use fine sandpaper. Points should be scraped or sand papered. 
Always keep spare plugs on hand. When re assembling spark plugs to 
cylinder heads, put a little mica grease on the threads. Do not get 
grease on points. The spark plug is shielded to prevent radio interfer- 
ence. 



24. Ignition Cable. — The spark plug cable insulation must not be 
broken, or soaked with oil or water, grounded in any way where it 
touches the motor, or it will interfere with good ignition. The cable 
is shielded to prevent radio interference. 

25. Electric Starter.— The starter should be checked over at regular 
intervals. A thorough inspection will include the removal of the 
starter from bellhousing, removal of commutator cover band and re- 
moval of brushes. When the brushes are removed, the commutator 
should be cleaned. 

26. Battery Charging Generator.— a. General . — The battery charging 
generator is of the ordinary 12 volt automotive type. The generator 
has a hinge-type mounting and the belt tension is adjusted by loosen- 
ing the screw which holds it to the adjusting bracket and pulling the 
generator outward. . To replace the battery-char ring generator belt, 
remove the main generator drive belts and place new belt over engine 
drive pulley and then replace the main generator drive belts. 

h. 8Q0 Hour Complete Overhaul . — To completely overhaul the gen- 
erator it should be removed from the engine and taken to the bench. 

(1) Remove the head band. 

(2) Remove the drive pulley and nut. To remove the pulley 
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use a press or puller. Be careful not to damage the pul- 
ley or end head. 

(3) Remove the two frame screws at the commutator end and 
slide the commutator end plate off of the armature shaft. 
Disconnect the leads at the brush. 

(4) Lift the drive end and armature out of the frame and field. 

(5) Press the armature shaft out of the drive end head. 

27. Removing and Replacing Flywheel. — Remove expanded 

metal cover over front of blower housing shroud. Remove Headless 
set screw holding starting crank engagement pin in crankshaft and 
remove pin. Straighten prongs on lockwasher which holds flywheel 
nut. Tap end of crankshaft and flywheel will free itself. Remove fly- 
wheel through front opening of blower housing. 

b. To reassemble place flywheel key in place on crankshaft and 
reverse procedure outlined above. Be sure flywheel locknut is locked 
in place by lockwasher 

28. Cylinder Assembly. — a. The cylinders are cast in pairs of a 
special alloy iron. Two cylinder heads are fitted. The heads are made 
of an aluminum alloy especially suited to this kind of service. Both 
heads and cylinders are provided with ample cooling fins so that the 
engine will not overheat when operating at full load in the hottest 
weather. 

5. When the cylinder heads have been removed for the purpose of 
cleaning carbon or grinding valves, care should be used in replacing 
them. Use new gaskets if possible. Otherwise clean the old ones and 
coat both sides with cup grease. The use of shellac on cylinder head 
gaskets is not recommended. Tighten each cap screw a little at a time 
so that the cylinder heads are pulled down evenly. Screws need be 
only moderately tight. 


29. Compression. — Proper compression is obtained when valves seat 
properly, gaskets do not leak and piston and rings are properly fitted. 
When tuning up a motor, it is always well to check compression. This 
is done by turning the motor over quickly by hand . If turned slowly 
sticky valves may not be detected. If a point of resistance is offered 
every half revolution, compression should be satisfactory. If motor 
turns over without compression resistance for a full cycle, it is possible 
that a worn piston or piston rings, leaky valves or leaky gaskets are 
present. See that spark plugs have a gasket under them and are 
drawn up tight. Also check cylinder head gaskets and tighten cylinder 
head bolts. 
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30. Valve Adjustment. — a. To check valve clearance remove valve 
cover plate. The correct clearance on the exhaust valve is .012”. The 
clearance of the intake valve is .010”. These clearances to be adjusted 
when motor is cold. Tappet clearance is adjusted by means of ad- 
justing screws on the mushroom type tappets. End of stem must be 
square with stem proper. 


Figure 24. — Valve Tapper Adjustment 


b. To reseat valves, grind in the same manner as automobile valves. 
If valves stick, remove gum, lead, or carbon with alcohol or acetone 
and clean valve stems thoroughly with wire brush or emery cloth. Also 
scrape all carbon from other valve parts. 

c. Valve timing is accomplished through the camshaft gear train, 
driven off the crankshaft. These gears are properly meshed when the 
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marks on the gears line up with the marks as shown on timing dia- 
gram, (figure 22). 



Figure 25. — Removing Valves 


31. Piston. — <i. The piston in this motor is made of lynite alum- 
inum alloy which is very light in weight. The standard clearance be- 
tween the piston skirt and cylinder wall is .003 in. to .0035 in. This 
clearance is to compensate for the considerable expansion of aluminum 
when hot. The top and second lands of the piston are smaller than the 
skirt to allow for greater expansion at the piston head. When piston 
is removed, thoroughly clean carbon from head of piston and ring 
grooves. If piston is out of round or scored it should be replaced. Four 
rings are fitted to each piston. Three are compression rings and one 
is an oil regulating ring. Note: If piston is badly worn or out of 

round, check the cylinder bore and if it also shows excessive wear, have 
it rebored or install a new cylinder before fitting a new piston. 

b. Piston Rings . — The piston rings, when fitted in the cylinder, 
should have a gap of .007 in. The rings should be fitted in the cylinder 
within the piston ring travel. Before assembling new rings to piston 
be sure that piston ring grooves are thoroughly cleaned and rings move 
in grooves freely. 

c. Piston Pin . — The piston pin is a slip fit in the piston. To remove 
it from the piston, first remove the lock rings, then slip pin out of 
piston. 
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32. Connecting Rod. — The connecting rods, on the crankshaft ends, 
are direct babitted and fitted with laminated shims. The upper end of 
the rods are fitted with hard bronze bushings. The oil streams from the 
oil spray nozzles must strike the fins on the connecting rod caps about 
3/16 in. from the low end. If these oil streams strike the fins or con- 
necting rods higher up, the cylinder will receive too much oil. 

33. Crankshaft. — The crankshaft is carried on two roller bearings. 
The cones are a tight press fit on the crankshaft. The outer race oi* 
cup of the bearings at the power take-off end of the engine is carried 
in a plate bolted to the crankcase. Under this plate several shims are 
fitted for adjusting the bearings. The bearings properly fitted have 
no end play when engine is cold. * It is seldom necessary* to readjust 
these bearings for wear, and then the work should be done only by 
qualified personnel. 

34. Camshaft.— The camshaft is made of a special alloy with the 
cams and fuel pump eccentric an integral part of the shaft. The driving 
gear is bolted to a flange by three bolts, and the camshaft is carried 
on two babbitted bearings. 

1 35. Oil Pump. — a. The oil pump is of the gear type located in the 
bottom of the crankcase and extending down into the oil pan. The 
pump is driven by helical gears from the crankshaft through an idler 
gear. The suction opening in the oil pump is protected by an oil screen. 

b. Lubrication is by a combination of splash and forced feed. The 
oil is forced by the oil pump into a header extending the full length 
of the crankcase. Four nozzles in this header direct oil streams against 
the fins on the bottom of the connecting rods, and the spray thus 
formed lubricates all internal parts of the engine. 

c. If oil leaks from either end of crankshaft bearings, remove base 
from motor and inspect the oil seals. Replace the seals if necessary. 

36. Carbon. — Excessive carbon is caused by too much oil, usually 
the result of piston rings not seating properly or sticking, carburetor 
set too rich, or w r ear from long service. An unusual amount of carbon • 
is indicated by motor knocking or loss of power. Occasionally, remove 
carbon from valves, valve ports, piston head, piston rings and ring 
grooves, cylinder head and top of cylinder bore. 

37. Air Cleaner. — Clean the air cleaner occasionally by removing 
it and washing it in Diesel oil. Test it to see if it is clogged by 
blowing through it or noting if motor performs better with it off. If 
clogged, it should be replaced. Keep the oil level up to the beading. 
See instructions on air cleaner label. 
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38. Muffler. — After long periods of service it is possible that the 
muffler will become clogged to the point where it will affect the motor’s 
power. To check the muffler, unscrew it from the motor and run water 
into the open end of the muffler. If full streams of water come out of 
the other end of the muffler, you will know that it is not clogged up 
and need not be replaced. 

39. Overhauling. — a. Power Unit PE-99-F should be overhauled 
about every 1000 hours of operation. Follow previous instructions 
given as to proper methods of assembly. 

b. Clearances: 


Connecting Rod Clearance 

.001 

- .002 

Piston Pin Clearance 

.0005 

- .001 

Camshaft 



Small Bearing Clearance 

.002 

- .004 

Large Bearing Clearance 

.002 

- .0035 

Valve Stem Diameter 

.003 

- .005 

Tappet Stem Diameter 

.0005 

- .0025 

Tappet Clearance 



Cold Inlet 

.010 


Cold Exhaust 

.012 


Idler Gear 

.0005 

- .002 

Spark Plug Gap 

.025 


Magneto Breaker Point Opening 

.012 


Piston Clearance 

.003 

• .0035 


Firing Order : 1 — 3 — 4 — 2 

Interval of Firing: 

No. 1 to No. 3 cylinder - 180° 

No. 3 to No. 4 cylinder - 270° 

No. 4 to No. 2 cylinder - 180° 

No. 2 to No. 1 cylinder - 90° 

40. Dis-Assembly and Assembly of Connecting Rod, Piston, Etc. 

a. Remove the top and rear panels before attempting to work on 
the engine. 

b. Remove bottom cover. 

c. Remove cylinder shroud cover and cylinder heads. 

d. Through the bottom opening of the crankcase, the connecting 
rod bolt nuts can be removed which will permit the removal of con- 
necting rod caps. The piston and connecting rod assembly can be 
pushed out through the top of the cylinder bore. This can be done 
without removing engine from base. 
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e. To remove the piston from the rod, remove piston pin snap rings 
and drive out piston pin. 

/. Re assemble in the reverse manner. 

g. Observe the following clearances for correct assembly: 

Piston clearance in the bore for cast iron pistons 


(This is measured at the bottom of the skirt ) 

.003 

.0035 

Crank Pin 

.001 

.002 

Connecting rod, piston end 

.0005 

.001 

Connecting rod side clearance 

.004 

.011 



Figure 26. — Inserting Piston in Cylinder 
41. Dis-Assembly and Assembly of Oil Pump.-a. Remove flywheel. 

(1) Remove set screw and drive out crank pin. 

(2) Remove flywheel nut. 

(3) With a babbitt hammer or brass bar, hit the crankshaft a 
sharp blow to loosen the flywheel which fits on a taper. An 
ordinary hammer may be used with a hardwood block held a- 
gainst the shaft to receive the blow. 

&. Remove flywheel shroud and gear cover. 

Before the gear cover is pulled off the shaft, be sure to remove fly- 
wheel key. 

c. Remove oil pump gear by loosening nut which is locked in place 
with a cotter pin. The oil pump gear drives the oil pump shaft by 
means of a woodruff key. After the nut is removed, the gear can be 
pulled off. 
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d. To remove the oil pump from the crankcase, remove screw 
through hole in engine support and withdraw the oil pump assembly 
through the crankcase opening. The oil pump is fitted into a bored 
opening in the crankcase and is held in proper location by set screw. 



Figure 27. — Removal of Oil Pump Assembly 


e. The oil pump cover is fastened with round-head screws that can 
be removed to expose the oil pump gears. 

/. The idler gear fits over the idler gear pin. 

g. A relief valve is built into the oil pump cover. The relief valve 
ball is held in position and holds pressure by means of spring. 

Be sure in re-assmbeling that this relief .valve functions. 

h. To re assemble, follow the reverse procedure. 

i. The oil pump gears should have .002 .0035 in. clearance in the bore. 

42. Dis-Assembly and Assembly of Cylinders. — a. Remove gover- 
nor rod, gasoline connection and choke connection to carburetor. 

b. Remove nuts on studs and lift off manifold assembly with car- 
buretor. 

c. Remove nuts on studs and remove manifold to cylinder block. 

d . Remove cylinder hold-down stud nuts and remove the entire 
cylinder block and valve assembly. 
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e. The valve can be removed by removing wedge keys and spring 
retainer after valve chamber cover plate has been removed. 

/. Re assemble in the reverse order. 

g. Observe the following clearances for correct assembly: 

Valve stem clearance .003 - .005 in. 

Tappet clearance cold exhaust .012 in. 

Tappet clearance cold inlet .010 in. 

* 9 

43. Dis-Assembly and Assembly of Camshaft. — a. The tappets 

will have to be held up so they will clear the camshaft lobes. The cam- 
shaft, and camshaft drive gear can then be withdrawn from the gear 
cover end of the engine after removing the fuel pump. 

&. To remove the fuel pump, remove the two hollow-head cap screws 
holding the fuel pump adapter and fuel plunger in place and lift same 
out. 


c. Re-assemble in the reverse order, being sure that the camshaft 
thrust pin and camshaft thrust pin spring are in place before gear 
cover is re assembled. 

d. The following clearances should be observed for correct assembly: 

Camshaft front bearing .002^ - .0035 in. 

Camshaft rear bearing .002 - .0035 in. 

Valve tappet clearance in crankcase .0005 - .0025 in. 


44. Dis-Assembly and Assembly of Governor. — a . Remove oil line 
to governor and disconnect governor rod and governor spring. 

6. Remove governor housing cap screws to withdraw housing and 
cross-shaft assembly. 

c. The governor gear and assembly can be withdrawn after the 
housing is removed. 

d. The governor thrust bearing and thrust sleeve is an assembly 
and if replacement is required, it is to be handled as such. 

e. Do not attempt to re assemble parts in the field as this is very 
important for proper governor regulation. 

/. To re assemble, follow reverse procedure. Be sure that spring 
is connected exactly as before dis assembly. 


45. Dis-Assembly and Assembly of Crankshaft. — a. Bearing plate 
must be removed and, with flywheel and gear cover off and connecting 
rod dis-assembled, the entire crankshaft can be withdrawn through 
the bearing plate opening on the take-off end of the engine. 
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b. The roller bearing inner race is pressed on the crankshaft and 
the outer race into the bearing plate on the take-off end. 

c. The outer race of the bearing on the cranking end is pressed 
directly into the crankcase and held in place by retainer ring. 

d. If necessity requires replacement of bearings, the complete bear- 
ing should be changed and not only the inner or outer race. 

e. To reassemble, follow reverse procedure. 

/. The crankshaft bearing should be fitted so the bearings have an 
end play of approximately .000 in. 

( 1 ) The amount of end cleanance is governed by shims. 

(2) By driving the crankshaft from one side to another, the 
end play can be easily felt. 

46. Adjusting A-C Generator Belt Tension.— a. Adjust the main gen- 
erator drive belts by means of the two adjustment bolts on the right 
side of the skid base. (The side to your right when facing the panel) 
Loosen the two jam-nuts below the adjustment support arms and 
turn the adjustment nuts (above the support arms) counter-clockwise 
(moving the wrench from left to right) to tighten the belts. Turn 
the adjustment nuts in the opposite direction to loosen the belts. Be 
sure to tighten the jam-nuts after the belt adjustment has been made, 
and be sure the engine and generator pulleys are in correct alignment. 



Figure 28. — Adjusting Drive Belts 
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6. When removing the drive belts or installing new belts, turn the jam- 
nuts all the way down and take up on the adjustment nuts (moving 
the wrench from right to left) as far 4s they will go. After installing 
the new belts, slack off on these nuts until the belt tension is such 
as to permit a half inch deflection when pressed with the thumb. This 
is the correct belt tension which should be maintained at all times. 

47. A-C Generator. — a. To obtain maximum efficiency from the 
generator, attention must be given to the generator bearings, commu- 
tator and brushes. 

b. The generator bearings must be greased with a semi-fluid grease 
at least once every 700 hours of service. Pressure lubricating-gun 
fittings are provided for filling the reservoirs. Where the plant is 
is being operated for long periods, as in continuous service, these 
points must be checked more frequently. 

KEEP THE UNIT CLEAN AND FREE FROM OIL AND DIRT 
TO AVOID THE POSSIBILITY OF FIRE. 

48. General Description. — a. Power Generator (figure 29) 

(1) The alternating- current generator is a revolving field, semi- 
enclosed, drip-proof unit with two ball bearings and a direct-connected 
exciter. Full line voltage (120 volts) is on stationary winding. 

(2) The four revolving generator field coils are not removable. Should 
it become necessary to replace them, a complete rotor assembly (632) 
which includes shaft, punchings, windings, fan and slip rings, should 
be installed as a unit. Generator stator coils are not easily rewound. 
When necessary to repair any major damage, a complete generator 
stator (601) (frame, punchings and windings) should be replaced. 
An approximate range of d-c excitation voltage on slip rings varies 
from 25 volts (generator cold and unloaded) to 125 volts (generator 
hot and carrying 25 per cent overload). 

(3) Each generator bearing has an Alemite hydraulic pressure-gun 
grease fitting (608) and a grease pressure-relief plug on the under-side 
of machine (609). 

b. Exciter . — The exciter is shunt wound and self-excited. The ex- 
citer frame (660) is bolted to the generator end shield (619), and its 
armature (668) is mounted on an extension of the generator shaft. 
Polarity (+ or — ) of exciter brushes (671) is unimportant since the 
a-c generator does not operate in parallel with other generators. The 
exciter field coils were impregnated in position, are not removable. 

Direction of rotation is counter-clockwise (CCW) facing commu- 
tator end of exciter. 


Digitized by 


43 


Original from 

UNIVERSITY OF CALIFORNIA 







TM 11-9231? 


SECTION IV 


Par. 49 


49. Care and Maintenance. — Satisfactory performance of the gen- 
erator-exciter unit depends upon the care and maintenance given to it. 

• 

| a. General . — (1) Dust and dirt, particularly carbon dust, should be 
blown out of the windings, commutator, and especially the ventilating 
passages in the punchings at least once *a week. Screened openings 
should be clear of debris that would hinder free passage of air. Remove 
grease and oil with carbon tetrachloride. In an emergency, a rag 
dampened with solvent can be used on the commutator or slip rings. 
Free liquid solvent should not be used as it is injurious to the impreg- 
nating varnish. 

(2) If the generator gets wet with salt water or filled with mud, it 
should be flushed thoroughly with clean, fresh water. Be sure that the 
ventilating passages are open. After such washing, the unit should be 
j dried out, preferably with warm air even though the operating voltage 
I is relatively low and the windings are moisture resistant. 

b. Generator Slip Rings and Brushes. — (1) It is important that the 
slip-ring brushes (649) 'are kept in good condition and seated prop- 
erly on collector rings (040) with approximately a 2-lb. pressure. 

t Pressure can be changed by moving the tension clip on the spring to a 
new slot in the holder. Brushes should move freely in their holders 
and leads should be securely fastened to the terminals on the, brush- 
holder body. Collector rings should be concentric with the shaft, and 
should be clean and free of uneven wear, grooves, nicks, or any other 
roughness. 

(2) Routine cleaning and simple smoothing up can be done with fine 
000 or 00 sandpaper held against the rings while the unit is running. 
Use a flat wood stick and a narrow strip of sandpaper that is long 
enough to reach around the end of stick and be held securely at both 
| ends with the fingers. The point of contact with the ring should be 
back slightly from the end of stick. If rings are excessively rough, 
j place the entire rotor assembly in a lathe, and true up and polish the 
! rings. This operation should be done only by experienced personnel. 
Brushes should be replaced when they become worn down enough to 
permit the pressure arm to come close to the holder. 

c. To Seat New Brushes . — (1) Place new brushes in holders so 
that the taper conforms to ring contour. Be sure that they are free 
to move in their holders and that the spring pressure is normal. 

(2) Seat the brush to at least 50 per cent initial contact by drawing 
a narrow flexible strip of fine 000 or 00 sandpaper under it in the di- 
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rection of rotation. Hold sandpaper snugly against the slip ring with 
sanded surface against the brush to insure proper contour. Final fit 
and polish will come with operation. 

(3) The brush rigging assembly includes two cast bronze brush hold- 
ers mounted on a porcelain-enameled insulated stud. Be sure that the 
stud is screwed tightly into position and that the enamel is not dam- 
aged. The brush holders should be so positioned on the stud that the 
space between the brush holders and the collector rings is equal on 
both sides of the stud and that the brushes are centered on the rings. 
The screws holding the brush holders should be tightened securely. 

d. Exciter Commutator. — (1) The commutator should be concentric 
with the shaft and should be free of cuts, deep scratches, or other 
roughness. If such injury cannot be removed with sandpaper or a i 
commutator stone, the rotor should be placed in a lathe and trued by 
an experienced mechanic. 

(2) The exciter commutator is built of copper bars spaced and insula- 
ted from each other with mica which should be undercut to a depth 
equal to the width of the mica. When it is necessary to undercut mica, 
use a commutator undercutting saw or a special commutator file. In an 
emergency, a hacksaw blade with teeth ground to the width of the 
mica is a satisfactory tool. 

(3) The commutator, and particularly the spaces between the bars, 
should be kept clean. Use carbon-tetrachloride to remove oil and 
grease. Do not use solvent except in an emergency and then use it 
very sparingly on a damp rag. 

(4) Commutators become polished and darkened with use. Tf commu- 
tator Incomes blackened, rough, or dirty, it should be cleaned and pol- 
ished with fine sandpaper. Use the same procedure as in polishing the 
generator slip rings. The position of the end of stick should be so that 
the end points in the direction of rotation to avoid grabbing. 

e. Exciter Brushes. — (1) For best performance, exciter brushes 
(671) should make 100 per cent contact and be well polished and free 
from appreciable chips on their edges. Brushes that become badly 
chipped or worn sufficiently to permit the pressure spring to come 
close to the holder, should be replaced with new brushes of the same 
type. 

(2) To seat a new brush, first, place it in holder with the spring in 
position, making sure that it fits free in holder. Second, sand the 
brush with a narrow strip of fine sandpaper held snugly against the 
commutator contour, and manually draw it under the brush in the 
direction of rotation. Do not draw the sandpaper back and forth as 
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it will round the edges of the brush. Do not use emery cloth or emery 
paper. 

(3) This should give approximately a 90 per cent contact in the 
direction of rotation^ over a considerable portion of the brush surface. 
Bun the machine to polish brushes. Initial sparking of new brushes 
can be reduced by filing a 1/16 in. bevel on both long edges of the 
brushes. 

(4) The brush-holder yoke (670) is held in place by a set screw on 
each side. The yoke should be set so that the chisel marks on thei 
right-hand side (facing commutator) of the yoke and frame (near 
clamping screw) match up. 

/. Radio Noise , Shaft Ground . — Shaft grounding for radio-noise 
suppression is provided by special metal-graphite brashes riding on a 
slip ring at the end of the exciter armature. Keep the ring free of dirt, 
grease, nicks, etc. and replace brushes when necessary. Very little, if 
any, brush sanding should be required. 

g. Radio Noise-suppression Capacitators, Shielding , and Ground- 
ing . — (1) There are five capacitators (653 and 672 ) on the gener-, 
ator exciter unit ; two being on the generator slip rings, two on exciter 
brushes and one on the exciter field lead inside the exciter housing. 
Be sure that their terminals are connected when brushes are changed. 
Should it become necessary to replace a capacitator, be sure to use one 
of the same rating as the unit replaced, making sure that the leads are 
no longer than the original ones. Replace the shakeproof washers un- 
der the mounting brackets, and the plain washer under the screw or 
bolt head. 

(2) Exciter field leads are shielded and the shields are grounded. 
After any changes have been made, be sure to replace the shielding 
braid and reconnect the grouod connections with shakeproof washers, 
between the shield terminal and the ground, and with plain washers 
under the holding screw or bolt head. 

(3) The generator slip-ring-opening cover (630) has two grounding 
screws in addition to the holding screws (631). If removed, be sure 
that the cover and the grounded screws with shakeproof washers un- 
der their heads, are replaced. Likewise, replace the shakeproof wash- 
ers under the heads of the exciter hand-hole-cover screws (664). , 

h. Exciter Armature (Removal and Replacement) . — The exciter 
armature core is machined to a light - pressure sliding fit on the 
generator-shaft extension. It is driven home and held tightly against 
the tapered driving fit on the shaft by bolt (643) in the commutator 
end of armature. 
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(1) To remove armature: 

(a) Disconnect the exciter main and field leads. 

(b) Remove brushes from their holders. 

(c) Remove stator frame (6G0) by taking off the nuts and 
washers and pulling the frame off the four holding bolts 
( 665 ) . 

(d) Straighten the locking clip on washer (644) and remove 
the armature holding bolt (G43). 

(e) Screw the 7/16 in. armature bolt (in depot spares kit) 
into the armature shaft (commutator end ) until the bolt 
butts against the end of shaft. 

(f) Turn the bolt with a wrench as shown in Fig. 30 to 
loosen the armature (1 turn is sufficient) so that it can 
be pulled off by hand. 



Figure 30. — Removing the Exciter Armature 


(2) To replace the armature: 

(a) Remove all sand, scale, and dirt from the shaft and 
from inside armature bore. 

(b) Slide the armature on shaft. Do not lubricate. 

(c) Insert and tighten the armature holding bolt (643) and 
bend up the locking clip on lock washer (644). 

(d) Replace the frame and reconnect the main and field 
leads. Make sure that the radio shields are in position 
and grounded. 

(e) Replace brushes in holders. 
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i. To replace Exciter Field Coils . — The exciter field coils cannot 
be removed and replaced with new coils in the field, therefore if nec- 
essary to replace them: — 

(1) Remove brushes from holders, disconnect armature and field 
leads and remove end shield. 

(2) Remove generator slip ring opening cover and disconnect ex- 
citer armature leads from terminals on brush holders. 

(3) Partially remove exciter frame, disconnect exciter field lead 
from binding post on generator end shield and finish removing frame. 

(4) Remove armature leads for use with new assembly. 

(5) Slide new frame (with nameplate on top) partially into position 
on holding bolts, connect field lead(F.) to binding post on generator 
end shield, replace armature leads and reconnect them to slip rings 
and push frame into position against generator end shield. Be sure 
that all leads are secured out of the way of rotating parts. Be sure 
capacitators and grounding terminals are properly connected. 

(6) Replace end shield and tighten nuts on holding bolts securely 
taking care that generator frame fits squarely over rabbets on exciter 
and generator end shields. 

(7) Connect armature lead (A2) and field lead, (paragraph 5), plus 
brush and capacitator leads, to terminal screw of brush holder on left 
side facing commutator. Reconnect the armature lead (Al), together 
with the brush and capacitator leads, to the brush holder terminal 
screw on the right side facing the commutator. Replace brushes. 

(8) Be careful not to interchange brushes. The fit may be dis- 
turbed slightly but should wear in again quickly. 

(9) It should not be necessary to change the brush setting as deter- 
mined by the chisel marks on end shield and brush holder yoke. 

(10) If the machine voltage refuses to build up after installation of 
new field coils, the trouble may be due to reversal of the field leads. 

# 

b To remove and replace Slip-Ring Brush Holder . — 

(1) Remove the exciter and generator brushes from their hold- 
ers and disconnect leads. 


5 0-4S- 
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(2) Remove exciter frame (600), armature (668), generator col- 
lector-ring, end-shield holding bolts and washers (628-629) 
bearing-housing cap screws (626-627), generator end shield 
(619), baffle plate (622), and capacitators (653-672). Re- 
move end shield entirely from shaft to avoid any possibility 
of damaging the shaft. 

(3) Loosen the brush-holder clamping screws and slide the j 
brush holders ‘(646) and insulation washer (650) from the 
stud (651). Use a wrench on the hexagonal base to remove 
the insulated stud (651). DO NOT USE A PIPE WRENCH 
OR OTHER TOOLS ON THE ENAMELED PORTION OF 
STUDS. 

k. Ball Bearings , (Removal and Replacement ) . — 

(1) To remove engine-end ball bearings (612). 

(a) Remove pulley. 

(b) Remove the generator end - shield holding bolts and 
washers (616-617), the bearing-housing cap screws and 
washers (614-615), and end shield (607). 

(c) Remove ball bearing (612) and inside portion of hous- 
ing (613) with a bearing puller attached to the bearing 
housing as shown in Fig. 31. IF A PULLER IS USED 
DIRECTLY ON THE BEARING AFTER REMOVING 
IT ENOUGH TO CLEAR THE HOUSING, IT 
SHOULD BE ATTACHED TO THE INNER RACE 
ONLY. 

(2) To Remove Exciter End Ball Bearing (624): 

(a) Remove the exciter and slip-ring brushes (649-671) 
from their holders and disconnect leads. 

(b) Remove the complete exciter, the generator end- shield 
holding bolts and washers (628-629) the bearing-housing 
cap screws and washers (626-627) and the generator 
end shield (619). 

(c) Use a bearing puller attached to bearing housing cover 
plate (625) in tl\e same manner as used on the engine 
end. WHEN THE PULLER IS USED DIRECTLY 
ON THE BEARING, ATTACH IT TO THE INNER 
RACE ONLY. 


Digitized by Google 


50 


Original from 

UNIVERSITY OF CALIFORNIA 



TM 11-923F 


Par. 49 


SECTION IV 



(3) To Replace Ball Bearing (Engine or Exciter End): 

(a) Remove all old grease from the housing and from the 
pressure-relief openings. 

(b) Be sure that there is no dirt on the new bearings. 

(c) Replace rear portion of the bearing housing, and press • 
the bearing on shaft. Be sure that it goes on squarely. 

If the bearing becomes skewed and stuck, do not use 
force to straighten; instead, remove the bearing with 
a puller ATTACHED TO THE INNER RACE and try 
again. 

(d) Pack the bearing and housing with fresh grease one- 
third full and replace parts removed. 

1. Greasing Ball Bearings . — (1) An important factor in deter- 
mining the type of grease for ball bearings is the total oper- 
ating temperature which varies with an ambient (surround- 
ing air) temperature (tropical, temperate, arctic) in which 
the set operates. 

(2) Generator ball bearings are packed at the factory with a 
grease suitable for use in any ambient temperature in which 
the set will be used. When regreasing, use a high-quality, 
neutral, soap base (sodium, sodium-calcium, lithium) grease 
suitable for use in any ambient temperature (high-low). 

If a grease of this description is not available, use a high-or 
low temperature grease to suit the total temperature expect- 
ed. 
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(3) Do not overgrease a ball bearing as it overheats if too 
full. Greasing ball bearings after each 700 hours of op- 
eration should be sufficient if the proper grease is used and 
it is not leaking out of housing. 

m. Engine-End Bearings . — 

(1) Wipe clean the pressure-gun fitting (608), the relief plug 
(9), and the areas around them. 

(2) Remove the grease pressure-relief plug (609). 

(3) Insert a clean screw driver or similar instrument as far as 
it will go in the relief hole, and remove any hardened grease. 

(4) With motor running, add grease to the bearing, using a 
hand-operated pressure gun (do not use an air or pedal 
operated gun because it will feed grease to the housing 
faster than the excess grease can pass through the relief 
hole). Purge housing of used grease by continuing to add 
grease until the fresh grease comes out of the relief hole. 

(5) Let motor run after adding grease until excess grease stops 
coming out of relief hole. THIS IS IMPORTANT. 

(6) Replace the relief plug. 

n . Exciter End Bearing . — 

(1) Wipe clean the pressure-gun fitting, the relief plug and 
the areas around them. 

(2) Remove the relief plug. 

(3) Remove old grease from the full length of the pressure- 
relief passage with a wire or long-handled scoop. 

(4) With motor running, add a small quantity of grease with a 
hand-operated pressure gun. 

(5) Use a cleaning instrument between shots of grease to re- 
move grease discharged into the relief passage. Because of 
friction, any excess old or new grease expelled from the bear- 
ing will travel only a short distance down the pressure-relief 
passage. To properly purge the bearing of old grease, con- 
tinue to alternately add new grease, and remove purged 
grease from the relief opening until fresh grease appears. 

(6) Let motor run and continue removing grease from the relief 
opening until no more grease comes out of the bearing. 

(7) Replace relief plug. 
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o. Cleaning Bearing Housings . — (1) Bearing grease tends to 
i harden with age under some operating conditions. If the ap- 

pearance of old grease, purged from bearings during a routine 
greasing operation, or at inspection when the machine is dis- 
assembled, indicates grease hardening, remove all old grease. 

(2) Flush out the housing and bearing with carbon tetachloride 
or some other grease solvent, dry off solvent, and repack bearing 
with fresh grease. 

50. Automatic Regulator Maintenance. — <i. Other than keeping 
it free from dust, dirt and moisture, the automatic voltage regulator 
I requires very little attention. Don’t attempt to oil or otherwise lub- 
ricate any part of the regulator. 

5. The contact roller presses on the silver commutator with a pressure 
of 100 grams. This value is carefully preadjusted and should not re- 
quire further adjustment. Do not lift the contact roller from the 
commutator, as the contact pressure spring may be over-stressed, there- 
by reducing the contact pressure. Never touch the contact roller 
while the regulator is operating as arcing will occur at the point of 
contact causing the commutator surface to become roughened. Polish 
the surface lightly with jeweler’s rouge cloth or crocus cloth. After 
polishing, be sure to remove all traces of rouge from the surface of the 
commutator. After the regulator has been operating a short time a 
fine black line will appear along the point of contact on the com- 
mutator. This is a normal condition. 

c. The regulator is preadjusted and should require no adjustment 
after installation. If for any reason adjustment is necessary, do not 
attempt to adjust the magnetic core. Any necessary adjustment 
should be made by means of the solenoid spring. For greater regulator 
sensitivity, the spring is moved to a lower position on the holder. 
Raising it to a higher position decreases the sensitivity and increases 
the stability of the regulator. 

d. After any spring adjustment, the coil current should be checked 
and the spring reset if the current is more or less than its normal value 
of 0.4 amps. To reset spring, loosen the spring holder adjusting screw 
and slide the holder forward or backward, decreasing or increasing 
spring tension. 

e. In making any necessary readjustments to the regulator, an a-c am- 
meter must be used, connecting it in series with either terminal "A” 
or “B” to measure the solenoid coil current. 
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51. Trouble Chart. — Engine 

a. Engine will not start. 

CAUSE 

(1) AUTOMATIC-MANUAL Start 
switch in wrong position. 

(2) Lack of fuel. 

(3) Fuel line clogged. 

(4) Foreign matter in fuel. 

(5) Magneto defective. 

(6) Automatic choke defective. 

(7) Ignition short circuited. 

(8) Ignition wire broken. 

(9) Defective fuel pump. 

(10) Governor not working. 

(11) No oil presure. 

5. Engine difficult to start. 

(1) See 3,4,6 and 10 above. 

(2) Carburetor clogged. 

(3) Air leak in intake manifold. 

(4) Loose cylinder head. 

(5) Cylinder head gasket defective. 

(6) Fouled or defective spark 
plugs. 

(7) Air intake filter clogged. 

(8) Muffler clogged. 

(9) Valves not seating properly. 

(10) Worn piston and/or rings. 

(11) Faulty lubrication. 

(12) Fuel tank vent clogged. 


c. Engine stops. 

(1) Out of fuel. 

(2) Foreign matter in fuel. 

(3) Ignition wire broken or short 
circuited. 

(4) Lack of oil. 

(5) Fuel tank vent clogged. 

(6) Fuel pump defective. 

(7) Fuel line clogged. 


REMEDY 

Correct switch setting 

Refill fuel tank. 

Remove and clean fuel line 
and filter. 

Clean out fuel system and 
refill with clean fuel. 

See paragraph 19. 

See paragraph 17. 

Check for wiring short. 
Check wiring for break. 

See paragraph 16. 

See paragraoh 18. 

Check lubrication system. 


See paragraph 15. 

Check for leak. Replace gasket 
and tighten. 

Tighten head. 

Replace Gasket. 

Clean or replace plugs. 

Clean air filter. 

Replace muffler. 

See paragraph 29. 

See paragraph 28, 29 and 30. 
See paragraph 34 and 40, check 
lubrication. 

Remove fuel filler cap and 
blow through vent. 


Fill fuel tank. 

See a, 4 above. 

Check ignition wiring. 
Check oil supply. 

See b, 12 above. 

See paragraph 16. 

See a, 3 above. 
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SECTION 

51. TROUBLE CHART.— Engine 

d. Engine lacks power. 

CAUSE 

(1) Overload on generator. 

(2) Engine overheated. 

(3) Improper lubrication. 

(4) One or more spark plugs fouled 
or defective. 

(5) Faulty carburetion. 

(6) Muffler clogged. 

(7) Poor compression. 

(8) Improper timing. 

(9) Air cleaner clogged. 

e. Engine misfiring. 

( 1 ) One or more spark plugs fouled 
or* defective. 

(2) Magneto breaker points pitted 
or out of adjustment. 

(3) Defective ignition wiring. 

(4) . Valves sticking or not seating 

properly. 

/. Explosions in carburetor. 

(1) Carburetor float level too low. 

(2) Fuel line obstructed. 

(3) Intake valve sticking or not 
seating properly. 

(4) Air leak in intake manifold. 

(5) Engine out of time. 

g. Excessive smoke from exhaust. 

(1) Lubricating oil too light. 


(2) Choke stuck in closed position. 

(3) Carburetor float level too high. 

(4) Worn cylinder, piston or piston 
rings. 

(5) Excessive oil in base. 
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Check and reduce load. 

Check oil and air passages. 
Check oil and make sure oil 
pump is working. 

Clean or replace faulty spark 
plugs. 

See paragraph 15. 

Replace muffler. 

Check for cause. See paragraph 
28. 

See paragraph 21. 

Remove and clean air cleaner. 


Clean or replace faulty spark 
plugs. 

See paragraph 19. 

Check wiring and correct fault. 
See paragraph 29. 


See paragraph 15. 

Check fuel line and filter. 
Remove and clean both. 

Check valves and correct fault. 

Check for leak and remedy 
fault. 

See paragraph 21 and 29. 


See lubrication chart. 

Drain and refill with correct 
oil. 

Check choke and correct 
fault. 

See paragraph 15. 

Check compression and return 
unit to higher echelon if com- 
pression is poor. 

Check oil and drain any excess. 
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51. TROUBLE CHART.— Engine 
CAUSE 

(6) Worn connecting rod bearings. 

(7) Carburetor float or float valve 
sticking. 

h. Engine knocks. 

(1) Lack of oil. 

(2) Engine overheated. 

(3) Excessive carbon in cylinders. 

(4) Worn wrisb-pin or connecting 
rod bearings. 

(5) Cylinders and/or pistons and 
rings worn. 

(6) Loose flyweel. 


(7) Ignition timing too early. 

(8) Low octane fuel. 


». Engine overheats. 

(1) Cooling air intake obstructed. 

(2) Lack of ventilation. 

(3) Cooling fins or air passages 
clogged or dirty. 

(4) Overload on unit. 

(5) Ignition timing late. 

(6) Muffler clogged. 

(7) Improper lubrication. 

(8) Valve tappets not properly 
adjusted. 

(9) Choke not opening properly. 


PE-99-F 


(Cont.) 

REMEDY 

Rock against compression with 
hand crank and feel for play. 
Return to higher echelon if 
bearings seem at fault. 

See paragraph 15. 


See paragraph 6. b. (1). 

Check oil supply. Replenish 
with correct oil. 

Check generator load, cooling 
passages, oil supply and ventil- 
ation. Correct fault. 

See paragraph 35. 

See G. 6, above. 

See G 4, above. 

Remove air shroud and rock 
flywheel by hand. Play will be 
apparent. Tighten nut. If fault 
is not corrected, return to high- 
er eche^n. 

See paragraph 19. 

Drain fuel and refill with higher 
octane. 


Clear any obstruction. 

Provide better ventilation. 

Clean fins and air passages. 
Check and reduce load. 

See paragraph 21. 

Replace muffler. 

Check lubrication. If unable to 
detect fault, return to higher 
echelon. 

See paragraph 29. 

Check choke and correct fault. 
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52. Trouble Chart. — Generator 


a . No a. c. output. 

CAUSE 

(1) Commutator dirty. 

(2) Brushes not making contact. 

(3) Open field coil. 

(4) Open or shorted armature. 

(5) Burned out rheostat. 

(6) Circuit breaker OFF or defec- 
tive. 

(7) Broken or loose wires. 

(8) Field wire to resistance unit 
open or shorted. 

b . Low a. c. output. 

(1) Unit not up to speed. 

(2) Commutator dirty. 

(3) Commutator mica high. 

(4) Short circuit in power line. 

(5) Brushes not seating. 

(6) Field coil grounded. 

(7) Rheostat not properly adjusted. 

(8) Defective filter condenser. 

(9) Generator drive belts slipping. 
(10) Defective filter capacitors. 

o. Arcing at brushes. 

(1) Commutators dirty. 

(2) High mica on commutator. 

(3) Brushes not seating properly. 


REMEDY 

See paragraph 47 b. 

See paragraph 47 b, and e. 
Check with test lamp. 

Check with test lamp for open. 
Use ammeter to check for short. 
Check circuit breaker. 

Check wiring and correct fault. 
Check wiring and correct fault. 
Check with test lamp. 


Check speed of unit and 
correct. 

See paragraph 47 b. 

See paragraph 47 d. 

Check power line and correct. 
See paragraph 48 b. and e. 
Check with test lamp. 

Correct adjustment. 

Check filter and correct fault. 
Check belt tension and adjust. 
Check all capacitors. 


See paragraph 47 b. 

See paragraph 47 d. 

See paragraph 48 b, and e. 


d. 


Interference with radio reception. 

(1) Defective filter. 

(2) Loose electrical connections. 

(3) Loose ignition shielding. 


Check condensers in filter. 
Make necessary replacement. 
Check and tighten all electrical 
connections. 

Check and tighten all shields. 


Frequency low. 

(1) Ehgine not up to speed. Check speed of engine and cor- 

rect cause. 

(2) Generator drive belts slipping. Adjust drive belts. See para- 

graph 45. 
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Figure 32. — Practical Wiring Diagram. 
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Figure 33. — A. C. and Exciter Circuit Diagram. 
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CRANKSHAFT PISTON 8. CONNECTING ROD 
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196 2 Door clips Retains door in closed position PG-323 

197 4 Wiing nut for inspection cover Retains inspection cover in place PI-148 

198 2 Fenderwelt between canopy and panel To eliminate radio interference PH-238 
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SECTION 

55. List of Manufacturers. — 

Key Letter MANUFACTURER 

A Wisconsin Motor Corp. 

B A. C. Spark Plug Company 
C Timken Bearing Company 
D Fairbanks-Morse Company 
E Michiana Products Company 

F United Specialities Co. 

G Tillotson Manufacturing Co. 

H Bendix-Stroinberg 

I General Electric Co. 

e 

J Marathon Electic Mfg. Corp. 

K Electric Auto-Lite Co. 

L E. A. Laboratories, Inc. 

M Ward Leonard Electic Co. 

N Globe Union, Inc. 

O Champion Spark Plug Co. 

P J. B. T. Instruments, Inc. 

Q Square D Company 

R Browning Mfg. Co. Inc. 

S Nelson Muffler Corp. 

T Crouse-Hinds Co. 



VII 


ADDRESS 

Milwaukee, Wisconsin 
Flint, Michigan 
Canton, Ohio 
Beloit, Wisconsin 
Michigan City, Indiana 
Chicago, Illinois 
Toledo, Ohio 
South Bend, Indiana 
Schenectady, N. Y. 
Wassau, Wis. 

Toledo, Ohio 
Brooklyn, N. Y. 

Mf. Vernon, N. Y. 
Milwaukee, Wisconsin 
Toledo, Ohio 

New Haven, Connecticut 
Detroit, Michigan 
Maysville, Kentucky 
Stoughton, Wisconsin 
Syracuse, N. Y. 
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